Introduction
All pregnant women are taught about the symptoms of premature labor by the antenatal care practice. Should uterine contractions occur, they are to be self-monitored, and if regular painful contractions are detected the women have to go to the hospital for examination. Upon examination, many women who had regular contractions without cervical dilatation did not meet the criteria for preterm labor. This condition was reported as "threatened preterm labor," which is defined as "the condition in which regular uterine contraction of at least 1 time in 10 minutes persisting for more than 30 minutes before 37 weeks of gestation without dilatation of the cervix." 1 Where threatened preterm labor was reported, it may proceed to an advanced stage of labor and delivery in about 30% of cases. 2 Every year, an estimated 15 million babies are born prematurely, and this number is increasing. Preterm birth complications are the leading cause of death among children under 5 years of age, and it was responsible for nearly 1 million deaths in 2015. 3 Three-quarters of these deaths were preventable with current, cost-effective interventions. 4 Across 184 countries, the preterm birth rate ranges from 5% to 18%
In preterm labor with cervical dilatation, the efficacy of tocolytic drugs has been proven to prolong pregnancy. 8 A commonly used tocolytic drug is nifedipine which appears to be more effective than β 2 -adrenergic-receptor agonists and magnesium sulfate. 9, 10 Other treatments such as progesterone and bed rest were also studied. 1 Nifedipine is considered as the first-line tocolytic agent for the management of preterm labor. 10, 11 However, in threatened preterm labor the efficacy of nifedipine has not yet been well studied. It is for this reason that we conducted a randomized, double-blinded, placebo-controlled study to assess nifedipine's efficacy in threatened preterm labor.
Materials and methods
This study was a randomized, double-blinded, placebocontrolled study and was conducted from December 1, 2016 to July 31, 2017 at Udonthani Hospital, Thailand. The proposal of this study was approved by the Ethical Research Committee of Udonthani Hospital No 21/2559 and was registered in the Clinical Trial Registry No TCTR20161104004. The inclusion criteria were singleton pregnant women, aged between 18 and 35 years who were admitted to the labor room for threatened preterm labor.
Threatened preterm labor was diagnosed as a condition where the pregnancy was between 24 and 36 weeks of gestation with painful and regular uterine contractions at least 1 time every 10 minutes and persisting for more than 30 minutes without dilatation of the cervix.
1 Uterine contraction was recorded by external electronic fetal heart rate monitoring for 30 minutes. In all cases, gestational age was calculated from last menstrual period, with the result confirmed by an ultrasonography in the first half of the pregnancy.
Exclusion criteria were cervical dilatation $2 cm, cervical incompetence, ruptured membranes, contraindications for inhibition of labor, nifedipine allergy, and unwillingness to participate in this study.
The explanation of the research program and obtaining of the written informed consent were done at the labor room. Then, all participants were randomly allocated into 1 of 2 study groups by block randomization, using a computer-generated number and sealed opaque envelopes, was performed. The drug and the placebo were prepared in similar packages and numbered by the researchers. The drug in the package was given to the participants by the nurses.
The first group (N=103) received the first loading dose of nifedipine 20 mg orally, and then continuous electronic fetal monitoring was done to evaluate uterine contractions. If uterine contractions persisted, then 20 mg of nifedipine was given every 30 minutes with a maximum total of 3 doses. After regular uterine contractions stopped, a maintenance dose using nifedipine 20 mg was given orally every 8 hours, 10, 12 and the placebo group (N=103) received a placebo orally with the same schedule as the nifedipine group.
The uterine contractions were monitored by continuous electrical external fetal monitoring in the first 90 minutes after nifedipine and placebo were administered, then every 6 for 24 hours. 10, 12 The uterine contraction and fetal heart sounds were also observed manually as per the standard protocol of preterm labor treatment. Maternal blood pressure was recorded every 15 minutes in the first 2 hours after the loading dose, and then as usual. The side effects of nifedipine, such as transient hypotension, tachycardia, flushing, headache, dizziness, and nausea, were observed for and treated during the intervention. 10, 12, 13 Both nifedipine and the placebo were continued for 48 hours.
Successful treatment was defined as a pregnancy which was prolonged for more than 48 hours by nifedipine or the placebo without indication for changing to a second-line tocolytic drug. Unsuccessful treatment was the persistence of regular uterine contractions and the need to change to a second-line tocolytic drug or delivery within 48 hours of treatment.
The second-line drug was terbutaline. It was used in those cases of unsuccessful treatment and in cases where there was no contraindication for terbutaline, by intravenous drip, adjusted for inhibition of uterine contraction.
14 Then, 4 doses of 6 mg dexamethasone were given intramuscularly every 12 hours for promotion of fetal lung maturity. 15, 16 The participants were followed until delivery. The proportion of participants with successful treatment, maternal complications, gestational age at delivery, proportion of delivery within 48 hours after treatment, proportion of delivery before 37 weeks gestation, and neonatal outcome were compared between the 2 groups.
The sample size calculation was based on the previous study (Chawanpaiboon et al 1 ) , and the proportion of successful outcomes in the control group was 0.6 and in the treatment group was 0.8. α was 0.05, and the power was 80%. The calculated sample size was 98 participants in each group. A total number of 206 participants with 103 per group were included. The groups were compared using an unpaired Student's t-test for continuous variables and χ 2 and 
Results
The study included 206 participants who were randomly allocated into 1 of 2 groups. The nifedipine group and the placebo group each had 103 participants. The Consort diagram is presented in Figure 1 . The participants' characteristics in both groups are shown in Table 1 . Both groups were comparable in terms of maternal age, parity, and number of previous preterm births, except for gravidity and number of previous abortions. The mean gestational age at the beginning of study was 33.6 weeks (range 25-36 weeks). Of the participants, 32.6% were nulliparous and 10.2% had history of previous preterm birth. At 90 minutes after treatment, the nifedipine group had no uterine contraction in 91 cases (88.3%) after 3 loading doses compared with 72 cases (69.9%) in the placebo group which had spontaneous resolution of their contraction (adjusted relative risk =1.27, 95% CI =1.10-1.47, number needed to treat [NNT] =5.6).
The unsuccessful cases in both groups (those who still had uterine contraction at 90 minutes after starting treatment) received terbutaline intravenous drip for inhibiting uterine contraction. The successful treatment cases in both groups (no regular uterine contraction) were observed clinical of painful regular contraction and external electronic fetal heart rate monitoring was done every 6 hours. If regular uterine contractions were seen, more than 1 time every 10 minutes persisting for more than 30 minutes, terbutaline was given to inhibit contraction.
At 48 hours after treatment began, successful treatment was found in 80 cases (77.6%) in the Nifedipine group compared with 51 cases (49.5%) in the placebo group (adjusted relative risk =1.52, 95% CI =1.22-1.91, NNT =3.6) ( Table 2 ).
The data also showed that 10 cases (9.7%) in the nifidipine group and 13 cases (12.6%) in the placebo group were not successful in inhibiting labor, even after changing to terbutaline treatment, and delivered within 48 hours after admission (adjusted relative risk =1.05, 95% CI =0.95-1.12, NNT =34.3) (Figure 2 ).
The complications of nifedipine observed were transient hypotension in 4 cases (3.8%) and transient tachycardia in 2 cases (1.9%). The complications were successfully treated by intravenous fluid and observation. No serious cardiovascular or fetal complications were found in both groups.
After successful treatment, the participants were discharged from the hospital after 24 hours and were followed at the high-risk antenatal care clinic. It was found that 76.7% of the nifidipine group and 74.8% of the placebo group delivered at more than 37 weeks gestational age (adjusted relative risk =1.01, 95% CI =0.91-1.12, P=0.86, NNT =98.8).
The mean gestational age at delivery and mode of delivery were not significantly different in both groups. The mean neonatal birth weight and neonatal outcome between both groups were also not statistically significantly different (Table 3) .
Discussion
Preterm birth remains an unsolved problem in obstetrics and neonatology. The etiology of prematurity is still questionable, and treatment is still problematic in clinical practice. 17, 18 Many interventions have been studied for the prevention and treatment of preterm labor. Nevertheless, one of the most common methods is the use of tocolytic drugs for inhibiting uterine contraction. 7, 10 Threatened preterm labor, which is regular uterine contraction without cervical progression, is problematic in its management. Threatened preterm labor can progress to preterm labor and preterm birth. From this study, about 10% of threatened preterm labor progressed to delivery after treatment, which was less than that reported in a previous study. 2 This showed the importance of threatened preterm labor treatment. Close observation and a prepared preterm neonatal care team are also necessary for inhibiting threatened preterm labor. Nifedipine is a calcium channel blocker which has been commonly used in the treatment of preterm labor with dilation of the cervix, with good results. 11 However, the main benefit of a tocolytic drug is the prolongation of pregnancy for a 48-hour period to allow the steroid effect to enhance fetal lung maturity. 15, 16 From this study, it can be seen that nifidipine can inhibit the uterine contraction in about 77.6% of threatened preterm labor cases, which was comparable with the results of a previous study. 1 The efficacy of nifedipine in threatened preterm labor was also proven, as in preterm labor with cervical dilatation. 11 The complications of nifedipine were transient hypotension in 4 cases (3.8%) and transient tachycardia in 2 cases (1.9%). This was less than the previous study which reported the cardiovascular complication of nifedipine in 17.3% of cases. 19 For this reason, close observation of maternal vital signs is recommended during the nifedipine treatment.
The mean gestation age of delivery in both groups after treatment was 37 weeks. This study showed that 13 cases (6.9%) after being discharged from the hospital had to be readmitted for preterm labor. This rate was similar to the rate in studies of preterm labor with cervical dilatation. 20, 21 The rates of term delivery, birth weight, and neonatal complications between the nifedipine and the placebo groups were not significantly different. These rates were similar to the rates in studies of preterm labor with cervical dilatation. 9, 22 The strength of this study is the prospective randomized, double-blinded, placebo-controlled study design. The block randomization using opaque envelopes was a good representation of the population. However, the limitation of this study is the sample size, which was calculated from the proportion of successful treatment in both groups in 48 hours, and therefore the difference between neonatal complication and delivery rate at term in both groups needs further study with a larger sample size to evaluate this difference. The clinical implication of this research is our recommendation of using nifedipine for inhibiting uterine contraction in threatened preterm labor. However, within the first 90 minutes of treatment, 69.9% of the participants with threatened preterm labor in the placebo group had self-spontaneous resolution of their contraction. For this reason, we recommend bed rest and close observation for 60-90 minutes before starting tocolytic treatment in threatened preterm labor to avoid unnecessary tocolytic treatment. The type and dosage of tocolytic drugs which is most effective for threatened preterm labor still needs further study.
Conclusion
Nifedipine treatment did inhibit uterine contraction in threatened preterm labor at a higher rate than the placebo. However, 69.9% of the cases with threatened preterm contraction did spontaneously resolve within 90 minutes. Therefore, 60-90 minutes of bed rest is suggested before tocolytic drug use for inhibiting threatened preterm labor to avoid the complications from unnecessary tocolysis treatment.
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